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A l’lanar l)iclcciric-l~illc(]  -1’al*tibola-lJcc(l  IJrcqucnc.y Multip]icr

Mcsonil  Kim, R PCICI  S]l]ilh, Victor  M. 1 mbcckc, SLI/.:IIIIIC C. Ma]-lill, aIId l’c(cr 11, Sic@

,Vmmmvy ]n this  p a p e r ,  wc prwml a nod qunsi-opiicul  ull-
]Ililllill 11’t’(]111’11~~ d(llll)l(’1 tll  Ut L’(lllld  p r o v i d e  iill illt L’I’llilti  VLh

$llllllllil  Cll to conwn(iunul  wuwguidc  circuits  f o r  snillinwlcr-  und
Slll)ltlillitl) i,t(.r-lrilv(, signtd gmcrution. lly utiliring  a quud-l)rid#c’-
diodc coiifi~urationj  w, us-c ublc 10 is{lliltc W inpuf utId (kc outpu[
circui(s wiih(mt  ttw uw of cvmplicutcd  filter s(ruduws. ‘1’wo I)ilits
of I)l)lill’i?.il( i(lll witchd douhlc-slut  all(lmn;ls slirdly cou]Ilc input
nnd oulput  signtd$ to t h e  dimks  und suhslitutc for the hyblids
commonly rcquird in Imlancesl  c i rcui ts . I’hc il)(cf!rss(ed quud-
br id~c-diode  /  slot-ankwnu  circuit C: III then h nmunkd (m u
didcc[ric-filled purulmlfl for mlpliu~  10 quflsi-op(icul propugtitioh
Sysl(,llls.  Mc}lsulclncnls  011  U X 1(1 K-l)illld  doubler show frequency
conwrsim  IIISS uf 6,8 d]] ut the ou(put  frequency of 20.3 (;11/..

I. lulrwloclion

ILcccivc] COIIJpOIICII(S  ill lIIC lNA/NASA  I;aI lnflarcd aIId
.~ubll]illi]l]clcl  S p a r e  ‘1’clcscopc & ,S[lL)ll]iliilt]clc.t  lllknncclialc
Missiotl (ll’Jl{S’I’/SMl  M) r e q u i r e  submillimclcr \Yovc 10C[I1
oscillalol soulccs willl an oolpui po~vcr of 5[) to IO(J IIlicto}valls
ill [IIC  ‘1’117, fIcqmIcy  Iangc itl olclcr 10 cmIy OUI  sublnillitnc[cr
astloplq’sits fIom space. Whisker-co]lhc[ccl diode ]I]ul(iplicts ill

Ilm ]l)iilill]c[ct-\v:i\’c lralds IIavc bcclI sj~dcc qwrlilicd  for several
]Ilissiolw  aIIcl IcccIIlly  dcmoIIsl  Ialccl ill tlIc ksbcmtcq  a l
flcqwlcics  m l)igli as 1 “1’1 17. I 1]. 1 lowvct-, Ilmsc wavcp,uiclc
based ]llllllijdims illvcslvc aII cx(IcIIIcly  lrsbol illlcllsivc aIId low-
yicld assctnb]y  pIoccss,  ald tlIc lill)ilnlicrns inhcrcnl in IIIC

clc\icc [:comc(ty  tlliikcs in]plc.lncl][ing  n~ul[i-dioclc, bala IIcccl
citcmi(s i]llpossiblc, Wi(h tlIc aclven( of IIig,ll qwli[y
s[ll)ll]illilllclct- \\,/l\~c plalmr dioclc tcchlIolo~y, IIowcvcr, mulli-
clioclc citcwil f:hicatio]] lrccoIIIcs  wrlizab]c. Mulliplicts  aIIcl
Inisc]s u[iliz.il)~, planar  clioclcs  lmvc been clcmonslr:ltcci to II:IVC
bC.((Cl llClfollll;lllCC  1]11111 Sllllllfil \I’]llSkCl” COlll/K[Cd S[l UCIUICS Up

1 0 2 0 0  GI Il. 12,3J.  III lllis paper ,  wc il)ltoclucc  a IICIY  app IonclI
wlIc Ic [IIC  phmr doubler circuit ulilizcs a fully  opcII ;IIIICIIII;I
alclli(cclutc  :Incl combil)cs clcvicc alIcl cil-cuil SyIIIIIIC(I  i c s  (0
yiclci aII cxl IcIIIcly sil)lplc aIId coIIIpacl clcsigll with inllctcnt
lICII l-to-poI  I isolalion.

11. Dcsigu

OuI flcqucrlcy ]l)uliiplicl (Icsigu ]-cplaccs tk wavcguiclc  circuit
with all :111  -plalmr, luudI m o r e  ]caclily smlccl, n)onc)litllicaliy
fabl ica(ccl, opcII-slIuc[u  Ic cilcuil  will)  quasi-oplical  coupli  IIg to
fl cc space, “1’hc  circui[ i t s e l f  utilizes a cpmd-briclgc  clioclc
co]lfip,ula[ic)]l  fot sccoll(l-li:llll]o]lic signal gcl]clalioll  ~villl buil[-
ill frcquctlcy isolalic)ll (I;igulc 1, a siluilar citcuil gcomclt~’ IWIS
llICICpCllCICll[l~  ]} IO]) CISCCI 111 1~]), ~Olll]J~l Cd tO SIII{!IC  dlOdC!
Illul[ipliers,  his configuratio]l  mailll:li])s llIc SaIIIC  col)vcrsio]]
cflicicncy with h s a m e  optinwu  input a n t ]  ompul 10:IcI
itlq)cdanccs,  lNII quwlruplcs  (IIC power handling capability.

input uIIkvm:Is Oulplll  [Illlcllll[ls

Vigurc 1 Quwl-dioclc  frequency chblcr coll(igm  a(ion. “1’IIC two pails
of mI[CIIIm clcliw to, wIcl  cxh UC1 flo]n, tlIc cliodcs, WI cqu:Il ummmt (If
thc ]mw lml with opjmsi(c ]mku ity. 1 hxmmc of lhc built-ill CVCII
lm]nonic  ]cjcclion,  IKI Iil[clillg is ]cquilcd io SC])ilIillC iupilt :md outpui
fl~xluclluirs.
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]/igLI r~ 2 X/K-lI:IIILl  piII tibok!  fcCd kIyoLl(,  “1’hc CiICLli( iS hbl lClt(Cd 011 d

tbitl qwl Cl, subshu[c hut mmmicd o] I tI S[ycus[(cl=  3.9)-lillcd pmabola
to s:l[isf~ t h e !  il]fillitc-l]lic.kllcss  diclcchic sutNha[c  unu]ilim  A
CXUIIIIICI cIully [Iwliloblc  diode chip (X-1 hrd  Mixer <)LIo(l,  III(KICI

I) M.I?O$!$! l~y AlphH  ]ndushics)  is Imndcd  to tlIc tips 01 tlIc Coj)liil)iil

wwcguidc  ccIIkl  lilies slIowrI m clots, 1 lcLmIsc of the sy]nlwhy,  lIIC
ilqml mILl (IIC ou[put  cilcuits arc flllly isoklhxl.

M o r e  irlq)olkrnlly,  tlIc qwrcl-briclge cliodc ci]cuit p r o v i d e s
clTcctivc isokliio]l  bclwccl I tlIc t~vo illpul alIcl tlIc t~vo output
:IIIICIIIIa  S willl i[s irdlc Ic]ll even hwmonic  ]cjcelion al the iqnrt
:Ild ocld IIallrlo])ic  rcjcctioll al tlIc oull)u[,  thus clilnilmlilig t h e
IICCCI  fbl co]lq)licalccl fIltcI  s t r u c t u r e s . “1’llc  qllacl allay 0111)’

]cquitcs sillqdc ]Ila[cllillg  cilcuik al tlIc fuIIclaIIlclIIal  ilq)ul alIcl
the seconcl lwlnonic oulpu[ frcqucncics.

‘1’IIc cilcuit coldiguralion shcwI ill l;igul-c 1 i s  iinplclncn(ccl 011

a pal-abola fcccl \villl I\vo pairs of slol alrlcllllasj c:Icl I willl ils
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own col~l:lli:ll-\v:l\ ’cgllicIc  matching cilcuits lWOI  and oolpul
coop  ]ings am accmplishccl  by placing the fcccl cii coil OH aII
Chxllically  llliCk  SllbSll”:llC ICIIS (a diclccll ic-fillccl pa] Hhlil ill

[his  ilwtancc). ‘1’llc t w i n  slot alllcllllas plovldc Cxccllcll(
iIIIml/oulpol beam chaiaclc.rk(ics 15] witl  I the beam piofIlc  sC(
by tlIc SIOI lcIIg(lI al)d scpatalion  and tlic mist dialnclci (f-
nombcr)  a(ljostcd hy VaI-yiIIg lIIC parabola apcIIIIIc  si~c. 11’01  tlm
X/K-lMInd  fcccl circuit olI a tlIicti qoaitz. subs(lalcj  tllc input alId
oHlpM( slol anlcnnas  al-c choscII to bc 0.4X(, Iollg, a n d  0,24&
apaI [ a[ 10 aIId 20 Gl b., Icspcclivc]y. ‘1’IIc slol-}j’id[ll of lIIC
itlpul aIIlcIlnas and Ihc gap-~vidtl]  bclJvccII llIc gI-OUIId plalms fol
tlIc coplalI; II [Ialwlllissiotl litlcs alc fisccl at 0,8 111111 Ivliilc tlIc
outpul slot-vidlh  is ().4 mm, ]n L)ctJvccn  tlm dioclcs ancl tlIc slol
alllcllll as, coIdaIIaI  trallslllissiol)-lillc lnalcllil~g citcuits  a]c
ilmr(cd  to IIaIISfOIm Ihc slot anlcill~a impcclauccs to tllc clcsilcd
optitllolli ilqwl al)cl oulpot load ilnpcdallccs  fol lIIC d i o d e . s .
l}ccausc llic dis(ancc  bclwcco anlclliias ancl [tic clioclcs arc fhcd,
couplc,cl  transmission lines, along mill] 10NI and hip,ll impcdallcc
scc(iom, aIc used to COIIIIOI phase delays in tllc l~latclling
circuils. 111 older 11o1 10 cxcitc slo( lillc moclcs, llIc sylnlnctly  ill
Ihc ]nalcllitlg  cilcoit  is prcsclvcd and all lIIC gIooIIcl plain for
ilIc malchillg citcuils  OIC ShOI-lCd  top,clhcr al IIIC  CCHICI of tllc
coplanar wawguidc  cross-jmclio]l  ondcrllcalll }vl)crc tlIc diodes
alc placed

‘1’lIc  ovclall sim of tllc feed cilcoii  is minimimcl  to Icclocc tlIc
p;ll dlOhl t)C;llll blockage 10sS, ‘1’hc small fcccl size also allom os
10 silnulalc llIc cliodc clc-c]l]bcckling ilnpcdallccs  for IIIC WIIOIC
feed SII Uc(oi-c,  011 top of infini(c]y thick qoal (Y, sobsl[aic using
111’-MIJS. \Yilll tllc illpo(  po~vcr of 1?. ctlhIl, MI)S also plccticls
liIc co]lvclsiol) loss (which is takcII as (IIC ra(io  of tlIc polvcr
llalwti]i(lcd  floll]  tlIc 00 IINI(  alilclllms to llic pmm cooplccl III(O
lhc inpul antcmas)  to l)c 6 cIII al the ootput frcqocllcjr  of 20
(il Ii foI tlIc uthiascd  lnixci-quaci clioctcs  (MaIIIIfacIoIc.i’s

equivalent circuit model for a typical DM.INM  X-BaIId  <)oad
C’OIltilillS  1{, Of  6 0 1 1 1 1 1 S ,  {j[) Of 76 fl;, allCl (“p;,~~<i{;~ Of 35 ft”,
Mixcl  -qoad is USCCI bccaosc a soilatrlc wrtic[or  diclclc packau,c is
Jm( collll]~ctcially availab]c.  ltvcn tlIooglI  lcvclsc-hiasin~,  tllc
IIlixcl dioclcs sliglllly implovcs tlIc com’clsion  cflicicllcy, 110 clc
bias cilcuilly  lIas bccII incolporalcd ill this particular dcsi~,ll to
keep llIC cilcoil  gCOIIIC(I-y silnplc,

111. M(’ilSlllTl)lCllt

‘1’IIC  p]al)ar feed circoit (l~ig,orc  2) is f;lbricatcd 011 a 10-Jllil thick
q(lill (? SObSllalC Hlld ~lOCCl  dO\!’11 1 0  IIIC (01)  Of [1 Sly CaS(-flllCCl
pal ahr)la  (cl” ‘ 3,9) m S] IO\VII in l~igorc 3, ‘1’lIc  ]a(tios o f  llIc

lmrabola  is 4.1 illcllcs (3.47 %[,, a( 10 GIIY,)  ancI (IIC  focal ICII$II
is 2.1 illcllcs, A \vilc g,lid polal im is used to tliloilgh cooplc tllc
inpol signal old rcflccl lIIC ootpol hcam t o  tlm rcccivcr  ai 90
dcgtccs 10 Ilic optical axis of tllc parabola. ‘1’IIc colmrclsioll loss
Incasolcmcl)ts aI-c pcl-formccl  by fcmsing  and collcciillg,  tllc
Gaossiall bcalIl ink) alId floln the palabo]a ]vi(ll Ilvo 11 -illcll
diamclcr  1’MMA ICMCS and shndad gain horos  fot the X-lmcl
(I IIpul) :IIICI  llm K-balId (oo(poo.  C’alihatioll IIlcasulcilic]lts
])CI follncd oil lIIC ]ncasotctnc]l(  syslcl)l  witli tllc foctil plallc
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l~i~!orc  3 “l”hc  mcasm cl]wd  setup fm (h X/K-lMnd  ]IlaIiaI  Ii cqocIKy
doolh. ‘1’WIO  lcIIs-couplut  shmdwd  gaiil  hoI  I IS w c oscd  to clilnilwtc
tlIc dilTlaution  losses ill the sy(cm “Jhc wile gl id ] CIIIMS lIIC oulpu[
sigld to sqmfI(c  i( liom k mpM.  IIy  Iotdiiig tlic glid  mid rc[miviq!
tllc  ON(])1I(  km, thC Ollt])llt bC[llll  ]):lt(Clll  Ulll  t)C II) CIISUI d

of the palabo]a  rcplaccd by a mirlor  iudicatc tlIc inyut path ICISS
bct~vccll tlic illpot f e e d  IIorll alIcl tlic patabola (illclociing IIIC
cliffrac[ioll  aIIcl the ICIIS  cliclcchic  10  SSCS) 10 bc 2,5 CIII  al 10
~il ]7., and tllC 00tput }Ialh 10SS  to bC 2,5 (I1] al ~(~ (;I ]7., AIIOtlICI

c:tlihaticlll lIIcasoIcIIIcIIl,  [his  titnc ~villl tltc pat-abola f e e d
rcpkrccd  by a m e t a l  sl)orl, colfcrm  tlIc  s(ycasl diclcc(ic  l o s s

hn{:cld 10 bc 0,01 ancl the loss to LJc 2,3 cIII a( 10 Gllz. ancl 4,6
dll at 20 Gllz  ilSSOlllillg  ttlc maximom clclivcrahlc pom’cr i s
rcachillg tllc paI abola fcccl, Acldi(ioIlal back racliat ion loss for
tllc parabola feed of 0.5clll  and Ciaossiall  l)caIII  ]Ilislllatcll loss of
0.3 dll aIc also calcolatcd f(oln tlIc tllco~y. Af(cI  collq)ci~sa(illg
for  llIc syslcltt hxscs (5.6 d]] al the ilqml :IIIC1 7.9 dl] ai lIJC

outpot), a bcsl comcrsion  loss of 6,8 dtl VHS IIICaSLIICd  ai IIIC
Olltpot flcqllcllcy or 20.3 Gllz. Wc alc Ullablc to l“clllo\’c all the
]nistnatc]lcs  ill IIIC o p t i c a l  sys[cIII, atd tlm flcqoc]q’  ENvccp
lIICaSOt-CIIICIIh  (K’igut-c  4a) comill large rcsolulllccs. ‘1’hc po~vcr
s~vccj~ masmcmcnt (l;igurc 4[1) carlicd out a t  2,().3 Gllz
illclicatcs  tlIc. diodes ]cach satora(ioll  N41CII  tllc po}vcr lcccivcd
by t h e  input slo( anlcnmrs i s  aboot 1 2  d13111, ‘I”lIc outpo(
l-adialiot] pat[cii)s  flolll tl~c pa r abo l a  aIc also cxalllillccl  by
lotatillp,  tllc l)olalizcl  gtid lvilllout tllc otllput lCIM, ‘1’IIc
II)casotccl  Ii allcl 11 plallc pa((crlls  a g r e e  lvcll ~ti(li ll~c tlICOI-y
doM’11  to -10 clll aIId sl)o~v lIIC I(LcIII bcalmvidtll  of 10 dcp,tccs
for tllc 11-p]anc  allcl 7 dcgrccs  for tllc ILplanc.

IV. <kmclosion

Wc have hilt and masorccd all X to K-lhIIcl  qoasi-optics]
flcqucllcy  lnolliplict to test tllc feasibility of silllilar cilcoits  at
lllillilllctcl-}v:l~’c flcqocl]cics,  ‘1’IIc pCIfOIIHIIICC  of IIIC ClO Ub lC I
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ci{-cuit  lms bmi compatcd \villl tlic s i m u l a t i o n  Icsulls flom 13j l).ll,  Sic@, d al., “MLNWICIIICIIIS on [I 215 C+] h SLII)lIW mwikwlly

MIM ~vith p,oocl WICCIIICIII. A 3 2 0 / 6 4 0  CilIY vcrsicm  usilw a 1’LIIII})cd  Wavcguidc  Mim llsillg  l’hIII:II 1 hd-to-] lwk Ai l -1  II idgc

silico]l pm abola is noM’ bcillg tcslcd sulm((ky  1 )imks,”  INU; 7’w)I.T,  Aff’1”, vol. 41,  IIO. 11, Nwcmlm, 1993,

14] l). l~]lipovk,  “Almlysis  and lksign ofl)iclcdic ICIIS  AIIkmIM  /IIIL1

J{cfcrcnws l’h:n Mulliplk] ~hcxlik  f(u Millilnckn WiIvc A))jdicxltknls,”  1’11.1  ).
‘1’llcsh, llnivmsily  of Mic.hifl:m, 1995.

lo-

1’,,, ‘ 12111hll

.- MI)S

I “1111111

Oll(pui Iicqllcllcy ((i] 17)

(:{)

1 I-l’IIIIIL’

A,I  MCIISWLVIK-IIi

; , / ’
/\ I l!,,,1 .

\ II , I
\ I II II , I
\, , ,1

II ,
,  Ihc(lly,  #

l) ,,, I /,”, $1

I ~, /1, !1

1“ I

-5

-m -
-30 -70 -lo [) 10 ?0 30 -30

Wile glid ]ohdio]] allglc (dcglccs)

(G)

f= 20.3[+11/

Ml)sz -----

/-’
/// MC:ISLIICIUCII1

/
/

1

/
I

/

I I I I

0 5 10 15 20

I’(IWCI  illlo input s101s  (LIlh)

(b)

lt-1’k(llc

~

I

/\ 1
, ,1 I

\

\ II

\
,,JI,C() ‘ ‘.

\ 1’ :\l ‘
11, ,

‘1 I
-20 -lo 0 10 ?0 30

Wil  c El id IOlilliO]l  mglc  (dcg,[  ccs)

((l)

1{’igurc  4 MLVSLII  cmcIIt Icsulh.  ([i) sld-to-sld fIcqucIIuy  COIIVCI  siml loss vs. output Ii cqucIIcy  with input pOW)CI  of 12 d h), (II) cxmvcrsion  loss
vs. ill]nll ]NWCI into lIIC itl]mt slot IIIIICIIII:IS [It 20.3 (il 17, (c) 1 l-lhIc WIC1  (d) 1 Lp]unc  OUI]NI(  pouu ]diniion  ]liltlCIll  or lIIC IHU dmla. 1 hsllcd
Iims show 1 ll)-MI  M shmdntkul  IcsLIlk  (a,  h) (id lhc tllcwdkxil  pdlci  II ciIlcLIla[cd lbI lIIC p: IIdd:I without  the ldi-sklc Iadklion(  c, d).
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